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With the aim of reducing greenhouse gas emissions by 20 percent by 2020 and by 50 percent by 2050 from their 2005 level,
International Maritime Organization (IMO) regulated the emissions of SOx and NOx by setting the emission control area in 2012,
Since these environmental regulations have been reinforced, demands for the LNG fuel ships are expected to increase
dramatically, Accordingly, the worldwide shipbuilding companies spur the development of the LNG fueled ships, Therefore, it is
essential to carry out the research on the development of LNG fuel tank, which is one of the important components of the LNG
fuel supply system. In this study, the deliberate finite element analysis of type—B LNG fuel tank for 10,000 TEU containership was
carried out to evaluate structural safety and provide the process for analyzing stress levels and evaluating fatigue life of target
structural, In particular, thermo—structural analysis and fatigue analysis were carried out using the databases on materials and
structures of LNG fuel tank,

Keywords : LNG fuel tank(LNG = Ei3), Thermo—structural analysis(Z—x& &4 A, Fatigue analysis(IL|Z2 5HAY), 10,000TEU
container ship(10,000TEUZ Z4H|0|LA4M)
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Fig. 1 Size of prismatic type-B LNG fuel tank for
10,000 TEU containership

Table 1 Mechanical properties of the materials

SUS 304L PUF Wood
Poisson ratio 0.3 0.4 0.024
Elastic modulus 3
(MPa) X193e 191 10600
Density X810 | x3107" |x1.2107°
(Tonnage/mm?)
. . 340.6 (20°C)
Y'e(',\(jlp‘;(;'”t 556.3 27 63
(-163°C)
Thermal
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(W/mm?-C)
Specific heat 5 6 6
(J/Tormnage-C) %510 X1.510° | <1.610
Thermal
expansion coeff. x1.7107 X8107° | x6.1107°
(mm/mm-C)
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Table 2 Information of elements and nodes

ltem Information

Element type Quad type/Hexagonal

type
Number of elements 343108
Number of nodes 572097

Fig. 2 Symmetry condition of FE model

Fig. 3 Fine mesh between variable sized elements in
support part
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Fig. 4 Convection and Temperature with 90% filling
ratio

Fig. 5 Temperature distribution of LNG fuel tank with
90% filling ratio
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Fig. 6 Thermal stress distribution of LNG fuel tank
with 90% filling ratio
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Table 3 The design external pressure
Component | £, P, P P, P

Pressure

(MPa) 0.00141/0.02641

0.025 0 0

Table 4 The detailed data of P,

oot Density N Area Pressure
(kg/m®) | (force) (mm?) (MPa)

Insulation | 45| 456332 | %3.10° | 0.00003536
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(Solid)
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Fig. 8 Acceleration ellipsoid (MSC, 2014)
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Table 5 Specification of the target ship
L B X y z Vv
C, K
(m) Blm) | (m) | (m) | (m) |(knot)
366 | 0.65 48 | 101 0 0.5 23 1

Table 6 Calculated results of the accelerations

Vertical
acceleration, (a,)

Transverse
acceleration,

(a,)

Y

Longitudinal
acceleration, (a,)

0.491G 0.
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Table 8 Results of the loading calculation

External Vapor Internal Total
Load Pressure
Cases Pressure | Pressure | Pressure for FEA

(MPa) (MPa) (MPa) (MPa)
LC.01 0.14785 0.19143
LC.02 0.13093 0.17452
LC.03 0.12716 0.17074
LC.04 0.09362 0.13721

—— 1 0.02641 0.07

LC.05 0.07036 0.11395
LC.06 0.06358 0.10716
LC.07 0.18030 0.22389
LC.08 0.14505 0.18864
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Table 9 Values for determining the allowable stress
according to the Austenitic steel

Factor Austenitic steel
A 3.5
B 1.6
C 3
D 1.5
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Fig. 12 Stress distribution of anti-rolling & pitching in
case of LC.07

13 Stress distribution of support structure in
case of LC.07

Fig.

Fig. 14 Stress distribution of hard wood block in
case of LC.07

Table 10 Structural analysis results according to each

load case
Max. von Mises stress (MPa)

Component Fuel tank Antifrollling Support V'\_/‘s;%
structure | & pitching| structure block
Material SUS304L Wood
LC.01| 262 125 172 30

LC.02| 239 114 157 27

LC.03| 234 112 153 27

Load |LC.04| 188 90 123 21
Cases | c.05| 156 74 103 18
LC.06| 147 70 96 17

LC.07| 307 147 201 35

LC.08| 259 124 170 30
A'g:;aszle 340 250
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Table 11 Results of the loading calculation

Load ?at;egses N, n; Fatigue

Cases (MPa) (NLoading) (nLoading) damage

LC.01 85 72,100 10,000 0.1387

LC.02 62 159,000 10,000 0.0629

LC.03 57 165,000 10,000 0.0606

Bunkering | 140.8 5,470 1,000 0.1828
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